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The authors declare no conflict of interest. (SNPs) in genes (7), including the fat mass and obesity-associated gene (FTO) , that are strongly 128 associated with the development of obesity (7, 8, 9, 10) . A study of 38,759 individuals revealed 129 that subjects homozygous for the FTO (rs9939609) risk allele weighed on average 3kg more and 130 had 1.7-fold increased odds of being obese compared with individuals homozygous for the 131 lower-risk allele (10). Although the evidence for an effect of FTO, or other obesity-related loci, 132 on obesity is strong, the variance in BMI explained by genetic variants is small (2.7%) (11, 12 Participants recruited and randomised per country has been described elsewhere (21, 22) .
159
Participants aged ≥18 years of age were included in the study. To keep the cohort as 160 representative as possible of the adult European population, a minimal set of exclusion criteria 161 were applied as described elsewhere (21). Participants were instructed to measure body weight after an overnight fast, without shoes and 179 wearing light clothing using a home or commercial scale, and to measure height, barefoot, 180 using a standardised measuring tape provided by Food4Me (21). WC was measured at the mid-181 point between the lower rib and the iliac crest using the provided tape measure. Central 182 obesity was defined as WC >88 cm for women and >102 cm for men. BMI was calculated from 183 body weight and height. Adiposity status was defined using WHO criteria for BMI 184 10 (underweight<18.5 kg.m -2 , normal weight ≥18.5 kg.m -2 to ≤24.9 kg.m -2 , overweight ≥25.0kg.m -2 185 to ≤29.9 kg.m -2 and obese ≥30.0 kg.m -2 ). SR measurements were validated in a sub-sample of 186 the participants (n=140) and showed a high degree of reliability (23). the T allele, but no significant association was found for central obesity (Table 2) .
267
Interaction between FTO genotype and PA levels on adiposity 268 We found a significant interaction between FTO genotype and category of moderate-equivalent 269 PA on body weight, BMI and WC (Table 3 and Figure 2 (Table S1 and Figure S1 ) and FTO*moderate 279 intensity PA (Table S2 and Figure S2 ) on body weight, BMI and WC. However, no significant 280 FTO*light intensity PA interactions were identified (Table S3 and Figure S3 (Table S4 and Figure S4 ). The effect size of FTO on BMI and WC was 60% and 320% 284 greater in individuals with longer, than shorter, time spent in sedentary behaviour, respectively.
285
When additional analyses were performed and PA was included in the interaction models as a 286 continuous variable, we saw a similar trend for the interaction effect between FTO and PA-287 related variables but these interaction were no longer significant (P>0.05) for any of the 288 outcomes. Additionally, no association were found between PA variables and FTO genotype 289 (Table S6) . Sensitivity analysis where participants of non-white ethnic origin (<3%) were 290 removed from the analysis did not modify any of our findings. FTO variants and obesity-related traits (10, 28, 29) . Although the effect size of the FTO 306 rs9939609 is relatively modest, it is consistent across studies conducted in Caucasian 307 populations (10, 28, 29, 30, 31) . Our FTO effect size estimates are in agreement with previous 308 findings where each copy of the risk allele was associated with an increase in adiposity 309 measures ranging from 0.76 to 2.4 cm for WC, and from 0.31 to 0.66 kg.m -2 for BMI, which is 310 equivalent to ~1.3 to 2.1 kg in body weight for an individual 1.80 m tall (8, 9, 10, 28, 30). 311 Similarly, the odds of having overweight or obesity reported in previous studies ranged from 312 ~1.19 to 1.69 per additional copy of the risk allele (8, 9, 10, 28, 29) , which is in agreement with 313 16 our estimates (OR: 1.27 (1.06 to 1.51) for overweight and OR: 1.41 (1.13 to 1.75) for obesity per 314 copy of the risk allele). 315 Furthermore, our study suggests that an active lifestyle may attenuate the FTO genetic 316 susceptibility to obesity (19, 20, 32, 33) . A meta-analysis of cross-sectional studies, including between studies may be explained by the relative precision of PA measurements.
326
Our results are based on objectively measured PA data whereas the earlier meta-analysis (19) 327 used primarily SR PA data. SR PA can be subject to optimistic bias leading to PA overestimation 328 (34). Furthermore, SR PA is prone to random error, which leads to regression dilution bias (35).
329
This can obscure the true effect of PA on the interplay between genes and environment (36).
330
Moreover, the use of categories of PA may provide better knowledge of the dose-response 331 relationship between FTO genotype and PA on adiposity, which may assist in identifying the 332 minimum amount of PA necessary to overcome the genetic effect of FTO genotype on obesity-333 related traits. We found that the influence of the FTO risk allele on BMI was 36% and 84% lower 334 in individuals achieving between 150-300 min.week -1 or above 300 min.week -1 of moderate 335 17 equivalent PA, respectively, than in inactive individuals (<150 min.week -1 ). The attenuating 336 effect of PA on FTO related adiposity was similar when WC was used as an outcome (the FTO 337 risk allele effect on WC was 1.5 and 6.5-fold lower for active and highly active individuals than 338 in inactive individuals).
339
Although previous studies have reported a significant FTO*PA interaction (20, 30, 31, 32, 33, 340 37), most of these studies used SR PA (19 limitation of our study is that anthropometric data were self-measured and self-reported via 367 the internet, which may have introduced measurement error. Nonetheless, the accuracy of 368 internet-based, self-reported anthropometric data is high (40) and this has been confirmed in 369 our study (23). However, we cannot completely discard any confounding effect of self-reported 370 data on our main outcomes. Another factor that should be considered as a limitation is the lack 371 of information on relatedness of the individuals. Additionally, when interactions between 372 FTO and PA were assessed by fitting PA as a continuous variable in the interaction term, the 373 trend remained similar but the interactions were no longer statistically significant (P>0.05).
374
A larger sample size will be needed to confirm our findings using PA as a continuous 
